INTRODUCTION
============

*Clostridium difficile* is a toxin-producing anaerobic bacterium responsible for antibiotic-associated colitis, and it is now the most common infectious cause of nosocomial diarrhea.[@b1-gnl-10-250] *C. difficile* infection (CDI) presents various clinical features including asymptomatic carriage, mild diarrhea, toxic megacolon, or fulminant pseudomembranous colitis.[@b2-gnl-10-250] There has been a progressive rise globally in the incidence, severity, and complications of CDI in recent years. CDI has re-emerged with apparent greater morbidity and mortality.[@b3-gnl-10-250]--[@b5-gnl-10-250] These changes in CDI epidemiology, attributed in part to an emerging hypervirulent strain of *C. difficile*, have been documented in several studies worldwide. However, the incidence and clinical characteristics of CDI in patients receiving medications for tuberculosis (TB) remain unclear.

Traditionally recognized risk factors for CDI include hospitalization, advanced age, gastrointestinal surgery or procedures, and exposure to antibiotics.[@b6-gnl-10-250] Among these risk factors, antibiotic exposure history is the most important. In a nationwide study of the incidence and clinical features of CDI in Korea,[@b7-gnl-10-250] most patients (91.7%) had received antibiotics prior to the diagnosis of CDI. Anti-TB drugs are not commonly associated with the occurrence of CDI. The association of rifampin (RFP) with pseudomembranous colitis was first reported in 1980,[@b8-gnl-10-250] and a few subsequent cases have been reported worldwide. In the after mentioned nationwide CDI study in Korea, 11 of 1,367 patients who had taken anti-TB medications including RFP developed CDI.[@b7-gnl-10-250]

In the United States and Canada, the incidence of TB in 2012 was 3.6 per 100,000 and 4.6 per 100,000 individuals, respectively.[@b9-gnl-10-250] The incidence reported in Korea was of 108 per 100,000. So, while the incidence of CDI after TB medication could be considered unimportant in Western nations, TB remains prevalent in Korea, a country where many patients are prescribed at least a 4-month regimen of anti-TB therapy.

Presently, we focused on the TB medication-associated CDI incidence in Korea from 2008 to 2013, analyzed the clinical features, and explored the association of CDI with RFP use in patients treated with TB medications.

MATERIALS AND METHODS
=====================

This multicenter study included patients from eight tertiary hospitals. Cases that met the criteria for CDI were enrolled from 2008 to 2013. Patients who had no recorded variables and those administered any antibiotics within 1 month from the start of CDI were excluded.

1. Clinical features
--------------------

A retrospective analysis was conducted to identify the clinical features of CDI patients who received anti-TB medications. The clinical data collected were gender and age; length of hospitalization; underlying conditions including chronic liver disease, chronic viral hepatitis B and C, and liver cirrhosis; and medication history including the use of anti-TB medications. In addition, the initial treatment regimens prescribed for patients with CDI, whether or not to terminate the administration of anti-TB medications to treat CDI, treatment failure rate, and recurrence rates were evaluated.

2. Definition of CDI
--------------------

Diarrhea was defined as a bowel habit change with over three unformed stools per day for \>2 days.[@b10-gnl-10-250] The definition of CDI was admitted patients with documented diarrhea and any positive outcome (one or more) in the following diagnostic tests: (1) *C. difficile* toxin A and/or B via enzyme; (2) positive stool culture for *C. difficile*; and/or (3) typical endoscopic findings, such as multiple white or yellow plaques.[@b7-gnl-10-250] The stool samples were tested with the VIDAS *C. difficile* toxin (A II or A/B; Bio-Merieux, Marcy l'Etoile, France) or Wampole *C. difficile* tox A/B II method (TechLab, Blacksberg, VA, USA). Stool culture for *C. difficile* was performed by inoculating stool samples into anaerobically reduced cycloserine-cefoxitin-fructose agar at 37°C under anaerobic conditions for 48 to 72 hours in each institute. The identification for suspected *C. difficile* was conducted through analysis via Gram stain, spore stain, and/or a biochemical assay using an ANA identification test kit (Bio-Merieux).

Improvement of CDI was defined as the resolution of diarrhea by day 6 after treatment.[@b7-gnl-10-250] Recurrence of CDI was defined as the development of CDI after at least 8 weeks of symptom resolution. Complicated CDI was when toxic megacolon, colectomy, or death related to CDI resulted from septic shock or perforation that occurred within 30 days of diagnosis of CDI.[@b7-gnl-10-250]

3. Statistical analyses
-----------------------

All data were analyzed using SPSS version 11.0 (SPSS Inc., Chicago, IL, USA). The chi-square test or Fisher exact test was used for analysis of categorical variables. Data are expressed as mean±standard deviation or as median and interquartile range (25th--75th percentile) as appropriate. A p-value \<0.05 was considered significant.

4. Ethics statement
-------------------

This study was approved by the Institutional Review Board of Konyang University Hospital (protocol number: 13--31). Also the Institutional Ethics Committee of each hospital approved the study protocol. Informed consent was waived by the board, and this study was also approved by the Clinical Research Information Service (protocol number: KCT 0000808).

RESULTS
=======

Of the 19,080 patients diagnosed with TB from 2008 to 2013, 54 patients developed CDI after receiving TB medication, representing a total incidence rate of CDI after TB medication of 2.83 cases per 1,000 TB patients. The clinical features of the 54 patients (median age, 68.3±16 years; range, 25 to 93 years) are listed in [Table 1](#t1-gnl-10-250){ref-type="table"}. Thirty-five of the 54 patients (64.8%) were diagnosed with pulmonary TB. Other patients were diagnosed brain TB, bone TB, and TB lymphadenitis. The comorbidity rate involving risk factors of CDI including gastrointestinal surgery and cancer chemotherapy was only 16.7% (n=6). However, when including immunosuppressive associations including malnutrition, steroid use, chronic liver disease, and diabetes mellitus, 50% of patients had an underlying disease associated with CDI. Most of the patients (74.1%) were treated at admission. The duration of hospitalization was 29.5±27.3 days (range, 4 to 114 days). Diarrhea was the major clinical manifestation. Fifty-one of the 54 patients (94.4%) complained of diarrhea, fever was noted in 10 patients, and abdominal pain occurred in 16 patients (29.6%).

Most patients were treated with a combination regimen including RFP (94.4%). The latency period of the development of CDI after the initiation of TB medication varied markedly from 3 to 167 days (mean, 41.8±35.0 days). Leukocytosis was observed in 22 of the 54 patients (40.7%) and creatinine elevation was observed in three patients (5.6%). Severe complicated CDI was evident in three patients resulting in two cases of renal failure and one death caused by sepsis secondary to CDI. The mortality rate of CDI after TB medication was 1.9%. Twenty-five patients received a colonoscopy or sigmoidoscopy. Various endoscopic findings showed the presence of elevated, yellowish cream-colored pseudomembrane (52.4%), and also erosions, ulcers, and mucosal edema (42.9%).

Clinical outcomes of CDI after TB medication according to treatment are summarized in [Table 2](#t2-gnl-10-250){ref-type="table"}. Patients were usually initially treated with oral metronidazole (n=48, 88.9%) with a treatment duration of 11.6±4.3 days. Most of these patients improved (n=47, 87%). Twenty-three patients (42.6%) received RFP continuously during CDI treatment. Among the patients who improved, 21 continued TB medications during CDI treatment and 26 patients discontinued. There was no significant difference in improvement between the continued group and the discontinued group (44.7% vs 55.3%, p=0.19). Twenty-four patients discontinued RFP during CDI treatment; of these, 16 (66.7%) did not retry any anti-TB medications and five patients (20.8%) retried other regimens excluding RFP. Among these patients, there was no recurrence.

DISCUSSION
==========

CDI is considered to be the main cause of bacterial infectious diarrhea in nosocomial settings. The incidence, severity, and mortality associated with CDI have increased steadily. Unfortunately, there is limited epidemiological data and information of CDI in Asia including in Korea. The incidence of CDI in Korea (2.7 cases per 1,000 in 2008) was reported for the first time in 2012 by the Korean Association for the Study of Intestinal Disease.[@b7-gnl-10-250] A recent prospective surveillance study in Canada reported an incidence of CDI of 4.6 cases per 1,000 adult admissions between 2002 and 2007,[@b11-gnl-10-250] and in eight European countries, 4.1 cases per 10,000 admissions in 2008.[@b12-gnl-10-250] Presently, the total incidence of CDI after TB medication was 2.83 cases per 1,000 from 2008 to 2013. Anti-TB drugs have been a rare causative agent of CDI. But, in our data, the rate of involvement of anti-TB drugs was not relatively low. We overlooked CDI after TB medication because anti-TB medication use was low compared with other antibiotics that can lead to general CDI.

Almost any antibiotic can lead to CDI, but broad spectrum antibiotics with activity against enteric bacteria are the most frequent causative agents.[@b13-gnl-10-250] The most important causative agent of CDI among the conventional anti-TB medications is unclear. Some studies have reported RFP-induced pseudomembranous colitis.[@b14-gnl-10-250]--[@b20-gnl-10-250] RFP has a wide range of antibiotic activity compared to those of isoniazid and ethambutol, which do not significantly affect the large bowel flora. Considering the pathogenesis of CDI, RFP may perturb the intestinal bacterial flora. Boriello *et al*.[@b15-gnl-10-250] reported on a CDI patient with prolonged RFP use who displayed no recurrence after treatment with other anti-TB medication and recurrence after RFP retreatment. Park *et al*.[@b14-gnl-10-250] and Yim *et al*.[@b16-gnl-10-250] discussed pseudomembranous colitis (PMC) patients with anti-TB treatment including RFP who improved after termination of the anti-TB medications and had no recurrence after retrying anti-TB agents excluding RFP. We did not statistically prove an association of RFP with CDI through statistical analysis. The best method to prove the association RFP with CDI would be by retrial with a single regimen of RFP and then to observe if there was recurrence of CDI. However, it could not be tried due to ethical problems. Nonetheless, presently there was no development of recurrence after non-retrial of any anti-TB medication or reuse of anti-Tb medication excluding RFP. This strongly suggests that RFP was the causative agent of CDI.

The identified risk factors for CDI include hospitalization, advanced age, gastrointestinal surgery or procedures, and antibiotic exposure.[@b6-gnl-10-250] The median age of the patients was 68.3±16 years (range, 25 to 93 years), similar to another case series studies that documented six cases of RFP-associated PMC.[@b17-gnl-10-250] The mean age of the CDI patients was 61.6±15.3 years (range, 19 to 96 years),[@b7-gnl-10-250] which was not significantly different to that of CDI patients after anti-TB medication. Most patients complained of diarrhea, similar to another case series.[@b17-gnl-10-250] Presently, only six patients (16.7%) had gastrointestinal surgery/procedures or cancer chemotherapy. But, including immunosuppressive states like malnutrition, steroid use, chronic liver disease, and diabetes mellitus, 50% of patients had an underlying disease associated with CDI. An association of RFP-induced PMC with moderate to severe liver dysfunction has been reported.[@b8-gnl-10-250],[@b18-gnl-10-250],[@b19-gnl-10-250] However, we could not find an association with CDI after TB medication with liver dysfunctions when we checked the underlying disease and the laboratory results of patients. In our data, total chronic liver disease was present in two patients, and in laboratory results of the liver function test, six patients (16.7%) had elevated aspartate aminotransferase and/or alanine transaminase more than twice that of normal at CDI diagnosis. The latency period to develop CDI after TB medication was of 41.8±35.0 days, which is longer than usual for CDI. In a nationwide study,[@b7-gnl-10-250] the mean duration of antibiotic usage prior to CDI was 16.0±18.4 days (range, 1 to 276 days). These results were similar to those of other studies.[@b14-gnl-10-250],[@b16-gnl-10-250],[@b18-gnl-10-250],[@b20-gnl-10-250] RFP may have lower capacity to perturb the intestinal bacterial flora than do other antibiotics.[@b18-gnl-10-250]

In clinical definition of CDI by the Society for Healthcare Epidemiology of America and Infectious Disease Society of America, supportive clinical data include leukocytosis, serum creatinine level, complication including hypotension or shock, ileus, and megacolon. Leukocytosis was observed in 22 patients (40.7%), creatinine elevation in three (5.6%), and severe complication in three patients. Of the latter three cases, two were renal failure and one was death caused by sepsis secondary to CDI. Even though the overall condition of all patients was poor due to TB, CDI after TB medication may have mild to moderate clinical features.

Moreover, treatment outcomes are relatively good. Of the 54 patients with CDI after TB medication, 48 patients (88.9%) were prescribed oral metronidazole initially, and 44 patients (91.7%) improved. It was not lower than that of the usual CDI treatment outcome. In other studies, of 1,367 patients with CDI, 796 patients (94.1%) improved with oral metronidazole.[@b7-gnl-10-250] However, the mortality rate in our study was 1.9%, which is higher than that of the usual CDI in Korea (0% to 0.51%),[@b7-gnl-10-250],[@b21-gnl-10-250] and similar to that in Western countries (1% to 2.5%).[@b22-gnl-10-250] We assume the reason for this was the small sample size.

CDI is usually treated with oral metronidazole 500 mg, three times per day or with 250 mg, four times per day for 10 to 14 days. It is recommended to discontinue therapy with the inciting antimicrobial agents as soon as possible.[@b6-gnl-10-250] If anti-TB medication is a causative agent of CDI, it could be better to discontinue anti-TB medication, especially RFP. In our study, 31 patients (57.4%) stopped RFP administration and 23 patients (42.6%) received RFP continuously throughout CDI treatment. However, there was no significantly different improvement between the continued group (44.7%) and the discontinued group (55.3%). Most of the cases of RFP-induced PMC were treated for discontinuation of anti-TB medications. However, it was recently reported in Korea that PMC induced by anti-TB agents can be treated with maintenance of the anti-TB medications during prescribed oral metronidazole and probiotics.[@b23-gnl-10-250] In this case, the patients with uncompensated tuberculosis had higher deterioration risk if there was discontinuation of anti-TB medication. So the patients were treated with maintenance of the anti-TB medication and also with the addition of both oral metronidazole and probiotics. There was no significantly different improvement between the continued group and the discontinued group. TB is still prevalent in some areas including underdeveloped countries and the north-east area of Korea, and patients are commonly prescribed at least a 4-month regimen. RFP is one of the first-line anti-TB regimens, and risk of TB-treatment failure is higher without RFP. Change to a second-line anti-TB regimen necessitates more treatment periods and increased adverse effects. A first-line anti-TB regimen including RFP is more critical than a second-line anti-TB regimen regarding efficacy and safety. Therefore, we propose that it is not necessary to always discontinue anti-TB medication. It is better to decide on the discontinuation of anti-TB medication depending on the patient's condition according to TB status.

There were several limitations to our study. First there was a small sample size, even though the data was collected from eight tertiary hospitals. Second, only tertiary hospitals participated in the study, so the study subjects tended to be more severely ill than patients in other hospitals. Third, the study was conducted retrospectively by reviewing CDI cases in the eight centers. There might be a difference between the hospitals regarding suspicion of CDI and diagnostic tools of CDI including CD toxin assay methods. We need to perform prospective studies and to co-work with the Department of Pulmonology for consensus with respect to CDI suspicion. Fourth, we could not analyze difference between TB medication-associated CDI group and other antibiotics-associated CDI group. Study of the risk factors of TB medication-associated CDI is necessary.

In conclusion, the incidence of CDI after TB medication was not low considering the relatively low TB medication use, compared to that of other antibiotics. Attention should be paid to patients who complain of abdominal pain or diarrhea while taking TB medications, because of the possibility of a TB medication-associated CDI. It may not always be necessary to discontinue anti-TB medication. It is better to decide whether discontinuation of anti-TB medication or not depending on TB status.
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###### 

Clinical Characteristics of Patients with *Clostridium difficile* Infection after Receiving Tuberculosis Medication

  Characteristic                                                       Value
  -------------------------------------------------------------------- -----------
  Age, yr                                                              68.3±16.0
  Male sex                                                             28 (51.9)
  Comorbidities                                                        
   Liver disease                                                       2 (3.7)
   Malignancy                                                          3 (5.6)
   Gastrointestinal surgery                                            3 (5.6)
   Immunosuppressive state                                             1 (1.9)
   Others                                                              18 (33.3)
  Duration of hospital stay, days                                      29.5±27.3
   Outpatients                                                         14 (25.9)
   3--29                                                               26 (48.1)
   30--89                                                              11 (20.4)
   ≥90                                                                 3 (5.6)
  Symptoms                                                             
   Fever                                                               10 (18.5)
   Diarrhea                                                            51 (94.4)
   Pain                                                                16 (29.6)
   Nausea                                                              2 (3.7)
   Abdominal distension                                                1 (1.9)
  Complication                                                         3 (5.6)
  WBC ≥15,000 cells/μL                                                 22 (40.7)
  Cr ≥1.5 times the premorbid level                                    3 (5.6)
  Anatomical distribution[\*](#tfn3-gnl-10-250){ref-type="table-fn"}   
   Rectum only                                                         4 (7.4)
   From sigmoid to rectum                                              11 (20.4)
   From descending to rectum                                           5 (9.3)
   From transverse to rectum                                           0
   From ascending to rectum                                            5 (9.3)
  Endoscopic findings                                                  
   Normal                                                              2 (4.8)
   Cream colored pseudomembrane                                        22 (52.4)
   Erosion                                                             6 (14.3)
   Ulcer                                                               1 (2.4)
   Edema                                                               11 (26.2)

Data are presented as mean±SD or number (%).

WBC, white blood cells; Cr, creatinine.

Twenty-five patients received colonoscopy or sigmoidoscopy.

###### 

Clinical Outcomes of *Clostridium difficile* Infection after Tuberculosis Medication according to Treatment

  Variable                                                                   Value
  -------------------------------------------------------------------------- -----------
  First treatment regimen                                                    
   Metronidazole, orally                                                     47 (87.0)
   Vancomycin, orally                                                        1 (1.9)
   Metronidazole, intravenously                                              6 (11.1)
  Treatment duration, days                                                   11.6±4.3
  Continue tuberculosis medication including rifampin                        
   Continue including rifampin                                               23 (42.6)
   Discontinue including rifampin                                            21 (38.9)
   Discontinue only rifampin                                                 7 (13.0)
   Others                                                                    3 (5.6)
  Improvement                                                                
   Improvement by first regimen[\*](#tfn5-gnl-10-250){ref-type="table-fn"}   47 (87.0)
   Improvement by second regimen[†](#tfn6-gnl-10-250){ref-type="table-fn"}   5 (9.3)
   Failure                                                                   2 (3.7)

Data are presented as mean±SD or number (%).

First regimen: metronidazole, orally;

Second regimen: vancomycin, orally, and metronidazole, intravenously.
